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International tradeHighly pathogenic avian inﬂuenza H5N1 virus was detected in poultry seized at two ports of entry located in
Lang Son Province, Vietnam. Sequence analysis of the hemagglutinin (HA) genes from ﬁve H5N1 virus
isolates and ten PCR amplicons from chicken cloacal samples revealed their close phylogenetic relationship to
clade 7 H5N1 HA genes. However, these HA genes exhibited extensive genetic divergence at both the
nucleotide and amino acid levels in comparison to previously described clade 7 viruses; e.g., A/chicken/
Shanxi/2/2006. In addition, hemagglutination inhibition tests revealed antigenic differences between these
and previously isolated H5N1 viruses from Vietnam. These results indicate that viruses with clade 7 HA are
evolving rapidly in poultry in Southeast Asia.Published by Elsevier Inc.Introduction
Highly pathogenic avian inﬂuenza (HPAI) H5N1 virus continues
to circulate in poultry populations of many countries in the Middle
East, Africa, and Asia (FAO, 2008a). The virus spreads to new areas
from endemic regions causing outbreaks in poultry and aquatic
birds. Migratory birds and movement of poultry and/or poultry
products have been proposed as two major mechanisms of
geographic spread (Kilpatrick et al., 2006). These mechanisms of
virus spread to a new area are most often inferred by phylogenetic
analysis of sequence data, and subsequently tracing known
migratory bird routes or patterns of international poultry trade
linking the geographic sites involved (Wallace et al., 2007).
Intensive global H5N1 virologic surveillance in birds and phyloge-
netic analysis of the viral HA have revealed the presence of locallyose of the authors and do not
e Control and Prevention or the
s work.
Inc.or regionally evolved virus lineages at each geographic location
(Ducatez et al., 2007; Nguyen et al., 2008; Salzberg et al., 2007;
Smith et al., 2006). Vietnam, in particular, implemented a
comprehensive HPAI surveillance program in poultry in 2004,
which provided an understanding of the spatiotemporal evolution
of H5N1 in the country (Wan et al., 2008). These and additional
phylogeographic analyses of H5N1 in Vietnam have demonstrated
that multiple sublineages (clades) of the virus were introduced into
the country in the recent past (Nguyen et al., 2008; Smith et al.,
2006). Although exotic avian inﬂuenza (AI) viruses are most likely
introduced into a country by either international poultry movement
or bird migration (Chen et al., 2006; Ducatez et al., 2007; Salzberg
et al., 2007; Wang et al., 2008a), few studies provide direct evidence
to support either claim. While migratory birds are likely to have
played a major role in the spread of clade 2.2 viruses into Europe
and Africa following the Qinghai Lake outbreaks in 2005 (Wang
et al., 2008b), some studies have implicated legally traded poultry
and its products in the movement of H5N1 between regions (Mase
et al., 2005; Tumpey et al., 2002). Illegal international movement of
live birds has also been considered as a potential mechanism of
spread (Lee et al., 2007). HPAI H5N1 of Asian origin was identiﬁed
in two live crested-hawk eagles conﬁscated at the Brussels airport in
251T. Nguyen et al. / Virology 387 (2009) 250–256December 2004 (Steensels et al., 2007). As reported herein, the
detection of an exotic clade of H5N1 in poultry seized at north-
eastern ports of entry into Vietnam highlights the importance of
international border control and other barriers to control the
geographic spread of the virus.
Results
Virological surveillance of imported poultry at ports of entry
To control the spread of highly pathogenic avian inﬂuenza
(HPAI) H5N1 virus Vietnam has implemented trade restrictions on
the importation of poultry and/or poultry products from H5N1
infected countries. These regulations are enforced at sanitary
control stations at all land, air and sea ports of entry into Vietnam.
In particular, imported illegal birds seized at border control stations
in Lang Son Province are transported to regional or national
quarantine departments where cloacal swabs are collected. The
swabs are placed in containers with viral transport medium and
refrigerated until shipped to the National Centre for Veterinary
Diagnostics (NCVD), Hanoi, Vietnam for diagnostic testing. From
January to May of 2008 NCVD received 495 cloacal swab samples
from chickens conﬁscated at two border crossing checkpoints
between Guangxi Province, China and Lang Son Province, Vietnam
(Table 1). The two checkpoints were located in separate admin-
istrative districts (Cao Loc and Loc Binh) in Lang Son Province.
Over this time period, 17 of 495 swabs from conﬁscated chickens
tested positive for inﬂuenza A matrix gene RNA by real-time RT-
PCR used in screening. Further real-time RT-PCR testing using
subtype-speciﬁc primers and probes identiﬁed 15 of the 17 matrix
positive swabs as containing the H5 hemagglutinin (HA) and N1
neuraminidase (NA) (Table 1). The remaining two matrix positive
samples received from Lang Son Province border checkpoints
yielded low pathogenic avian inﬂuenza subtype H9N2 viruses
(data not shown).
Viral isolation, sequencing and phylogenetic analysis
Five of the 15 samples cultured for virus isolation yielded
replicating virus (Table 1). The HA gene of each of these viruses
was then sequenced following RNA extraction and ampliﬁcation by
RT-PCR. The remaining 10 swabs without viable virus were also
used for RNA extraction and PCR ampliﬁcation for sequenceTable 1
H5N1 viral isolates and RNA from chicken swabs collected at ports of entry into Vietnam.
Viral isolatesa Port of entry (entity, district, province)
A/chicken/Vietnam/NCVD-016/2008 Sub-DAH, Cao Loc, Lang Son
A/chicken/Vietnam/NCVD-03/2008 Sub-DAH, Cao Loc, Lang Son
A/chicken/Vietnam/NCVD-04/2008 Sub-DAH, Cao Loc, Lang Son
A/chicken/Vietnam/NCVD-05/2008 Sub-DAH, Cao Loc, Lang Son
A/chicken/Vietnam/NCVD-093/2008 Sub-DAH, Cao Loc, Lang Son
HA gene DNA amplicon from viral RNAa
A/chicken/Vietnam/NCVD-swab06/2008 Sub-DAH, Cao Loc, Lang Son
A/chicken/Vietnam/NCVD-swab15/2008 DAH-RQD, Loc Binh, Lang Son
A/chicken/Vietnam/NCVD-swab16/2008 Sub-DAH, Loc Binh, Lang Son
A/chicken/Vietnam/NCVD-swab17/2008 Sub-DAH, Loc Binh, Lang Son
A/chicken/Vietnam/NCVD-swab18/2008 Sub-DAH, Loc Binh, Lang Son
A/chicken/Vietnam/NCVD-swab19/2008 Sub-DAH, Cao Loc, Lang Son
A/chicken/Vietnam/NCVD-swab20/2008 Sub-DAH, Cao Loc, Lang Son
A/chicken/Vietnam/NCVD-swab24/2008 DAH-RQD, Loc Binh, Lang Son
A/chicken/Vietnam/NCVD-swab25/2008 DAH-RQD, Loc Binh, Lang Son
A/chicken/Vietnam/NCVD-swab26/2008 DAH-RQD, Loc Binh, Lang Son
Sub-DAH, Lang Son Provincial Sub-Department of Animal Health.
DAH-RQD, Department of Animal Health-Regional Quarantine Department.
a From cloacal swab specimen.analysis of the HA gene (Table 1). The nucleotide sequences of
the HA genes of ﬁve H5N1 virus isolates, as well as ten HA genes
derived from swab samples, were deposited in public databases
(Table 1).
Database similarity searches (NCBI, http://blast.ncbi.nlm.nih.
gov/Blast; LANL, https://ﬂu.lanl.gov/blast) using these HA gene
sequences indicated that they were most closely related to two
previously described H5N1 viruses; A/chicken/Hebei/326/2005 and
A/chicken/Shanxi/2/2006 viruses (on average 96.1% and 96.3% HA
gene nucleotide sequence identity, respectively). Phylogenetic
analysis performed to investigate the ancestry of the 15 viral HA
sequences revealed that the HA gene of each virus clustered within
a subgroup of previously reported clade 7 HA genes (Fig. 1). Notably,
13 of the 15 HA genes branched from one of two distinct nodes in
the tree (Fig. 1; provisionally designated as NCVD groups A and B).
In addition, two samples (A/chicken/Vietnam/NCVD-016/2008 and
A/chicken/Vietnam/NCVD-swab19/2008) appeared to occupy inter-
mediate positions in the phylogenetic tree, closer to the roots of the
two groups. There was no clear association between the phyloge-
netic clustering of each group and the epidemiologic information
such as port of entry or date of swab specimen collection that may
have suggested why two discrete groups of viruses were identiﬁed
(Table 1). However, the geographic origins of the infected poultry
could not be determined.
The evolutionary distances between NCVD group A and B HA
genes suggest extensive diversity within this sublineage of the clade
7 genes, as indicated by the length of the branches on the
phylogenetic tree (Fig. 1), as well as their average nucleotide
distance from the nearest clade 7 HA progenitor (i.e., A/chicken/
Shanxi/2/2006). To quantify the genetic divergence between these
and other H5N1 viruses, pairwise comparisons of the percentage
nucleotide and amino acid divergence were generated (Table 2).
Representative viral strains from each of the major H5N1 clades
were included in this analysis to provide references with which to
compare the degree of genetic divergence within and between the
newly identiﬁed HA genes and previously reported clades (WHO/
OIE/FAO, 2008). The HA genes of NCVD groups A or B displayed
very little within group nucleotide or deduced amino acid sequence
divergence with an overall average of 0.39% nucleotide divergence
and 0.38% amino acid divergence. In contrast, divergence between
these two groups reached an average of 4.05% and 5.69% at the
nucleotide and amino acid levels across the HA gene coding region
(Table 2). This high degree of divergence equated to ≥30 aminoCollection date Clade/group Subtype GenBank accession
number for HA gene
Feb-08 7/NCVD H5N1 FJ842476
Feb-08 7/NCVD group B H5N1 FJ842481
Feb-08 7/NCVD group B H5N1 FJ842482
Feb-08 7/NCVD group B H5N1 FJ842483
Apr-08 7/NCVD group A H5N1 FJ842480
Feb-08 7/NCVD group B H5N1 FJ842484
Mar-08 7/NCVD group A H5N1 FJ842477
Apr-08 7/NCVD group B H5N1 FJ842485
Apr-08 7/NCVD group A H5N1 FJ842478
Apr-08 7/NCVD group A H5N1 FJ842479
Apr-08 7/NCVD H5N1 FJ842486
Apr-08 7/NCVD group B H5N1 FJ842487
Apr-08 7/NCVD group B H5N1 FJ842488
Apr-08 7/NCVD group B H5N1 FJ842489
Apr-08 7/NCVD group B H5N1 FJ842490
Fig. 1. Phylogenetic tree of viral HA sequences generated by neighbor-joining analysis. Bootstrap values at each node represent 1000 replicates. Nodes without bootstrap values
indicate a bootstrap of 100. Scale bar represents 10 nucleotide substitutions. Recent 2007 Vietnam isolates from clades 1 and 2.3.4 are underlined.
252 T. Nguyen et al. / Virology 387 (2009) 250–256acid substitutions between HA protein sequences in these two
groups. Additionally, the average divergence metrics of all the clade
7 HAs sequenced for this study in comparison to the nearest
ancestral HA from A/chicken/Shanxi/2/2006 were 3.67% and 5.81%
at the nucleotide and amino acid level, respectively (Table 2). Taken
together, these data suggested that the A/chicken/Shanxi/2/2006-
like HA gene is the nearest ancestor of the clade 7 HA genes
identiﬁed in this study.
Comparison of the clade 7 HA genes to those of representatives
from the major H5N1 clades showed that these genes were most
closely related at the amino acid level to the clade 4 prototype virus,
A/goose/Guiyang/337/2006 (8.20% average amino acid divergence),
and most distantly related to a clade 1 prototype virus, A/Vietnam/
1203/2004 (9.07% average amino acid divergence) (Table 2). Because
of the amino acid divergence between the clade 7 HA and
representative H5N1 clade prototype viruses that have been used
for the generation of pre-pandemic vaccine strains (i.e., clade 1 A/
Vietnam/1203/2004, clade 2.1.3 A/Indonesia/5/2005, clade 2.2 A/
bar-headed goose/Qinghai/1/2005, clade 2.3.4 A/Anhui/1/2005;
Table 2) it is unclear whether or not humoral antibodies elicited bycurrent vaccine candidates will have cross-neutralization activity
against the new viruses.
Molecular characterization of the HA gene
The 15 HA genes analyzed revealed that NCVD group B viruses
possessed remarkable genetic coding changes. In addition to the
frequently observed codon changes resulting in amino acid substitu-
tions, full codon insertions and deletions were identiﬁed as compared
to other ancestral clade 7 HA genes. Viruses in NCVD group B all
shared an alanine deletion at position 253 (based on mature H5 HA
numbering) and insertions of 3 amino acids near the polybasic
cleavage site. The group B insertions (underlined amino acids)
resulted in a polybasic cleavage sequence of PQREREGGRRRKR⁎G,
while NCVD group A HA maintained the PQIEGRRRKR⁎G sequence
common to most other clade 7 genes. Interestingly, A/chicken/
Vietnam/NCVD-016/2008, which phylogenetically appeared to be
ancestral to the two groups of viruses, possessed an intermediate
sequence containing one of the NCVD group B amino acid insertions
(PQREGGRRRKR⁎G). The other gene intermediate to NCVD groups A
Table 2
Divergence of the coding region of the hemagglutinin (HA) gene among H5N1 clade prototype strains and clade 7 virus isolates.a
Virus
(HA clade
designation)
Amino acid
A/goose/
Guangdong/
1/1996 (0)b
A/goose/
Guiyang/337/
2006 (4)
A/Vietnam/
1203/
2004 (1)
A/Indonesia/
5/2005
(2.1.3)
A/bar-headed
goose/Qinghai/
1/2005 (2.2)
A/Anhui/1/
2005 (2.3.4)
A/Beijing/
01/2003 (7)
A/chicken/
Shanxi/2/
2006 (7)
A/chicken/
Vietnam/
NCVD-016/
2008 (7, NCVD)
A/chicken/
Vietnam/
NCVD-093/
2008 (7, NCVD
group A)
A/chicken/
Vietnam/
NCVD-04/2008
(7, NCVD
group B)
A/chicken/
Vietnam/
NCVD-05/
2008 (7, NCVD
group B)
A/chicken/
Vietnam/
NCVD-03/
2008 (7, NCVD
group B)
A/goose/Guangdong/
1/1996 (0)b
3.9 3.8 4.3 4.3 4.5 3.6 6.5 8.4 9.1 9.0 8.8 9.0
A/goose/Guiyang/
337/2006 (4)
4.0 4.8 5.6 6.1 5.9 4.3 7.0 8.2 9.0 8.2 8.1 8.4
A/Vietnam/1203/
2004 (1)
3.5 4.5 3.2 3.4 3.4 4.7 7.2 9.0 9.7 9.3 9.1 9.3
A/Indonesia/5/
2005 (2.1.3)
4.4 5.4 3.7 3.6 3.2 4.5 7.0 8.4 9.5 8.8 8.6 9.0
A/bar-headed goose/
Qinghai/1/2005 (2.2)
4.3 5.4 3.5 3.5 3.1 5.0 7.9 8.6 9.1 9.1 9.0 9.1
A/Anhui/1/
2005 (2.3.4)
4.0 5.3 3.3 3.4 3.1 4.5 7.2 9.0 9.1 9.1 9.0 9.1
A/Beijing/01/2003 (7) 3.1 4.0 3.7 4.6 4.4 4.1 5.0 7.0 7.9 7.2 7.0 7.4
A/chicken/Shanxi/
2/2006 (7)
4.6 5.7 5.3 6.0 6.2 5.6 3.3 5.4 5.9 5.9 5.7 6.1
A/chicken/Vietnam/
NCVD-016/2008
(7, NCVD)
6.2 6.5 6.6 7.1 6.9 6.8 4.4 3.3 6.1 3.2 3.1 3.4
A/chicken/Vietnam/
NCVD-093/2008
(7, NCVD group A)c
6.3 6.7 6.8 7.3 7.1 6.9 4.7 3.6 4.0 5.7 5.6 5.9
A/chicken/Vietnam/
NCVD-04/2008
(7, NCVD group B)
6.8 6.8 7.0 7.5 7.3 7.0 4.7 3.9 2.8 4.1 0.2 0.5
A/chicken/Vietnam/
NCVD-05/2008
(7, NCVD group B)
6.7 6.7 6.9 7.5 7.2 7.0 4.7 3.9 2.8 4.1 0.1 0.4
A/chicken/Vietnam/
NCVD-03/2008
(7, NCVD group B)
6.6 6.6 6.9 7.4 7.2 6.9 4.6 3.8 2.7 4.0 0.4 0.3
Nucleic acid
a Percentage nucleotide divergence displayed in regular type; percentage amino acid divergence displayed in bold type.
b Numbers in parentheses indicate H5N1 virus clade designation per WHO/OIE/FAO nomenclature (WHO/OIE/FAO, 2008; http://www.who.int/csr/disease/avian_inﬂuenza/guidelines/nomenclature/en/).
c HA phylogenetic grouping within the novel sublineage of clade 7 identiﬁed at ports of entry into Vietnam (see Fig. 1).
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254 T. Nguyen et al. / Virology 387 (2009) 250–256and B, A/chicken/Vietnam/NCVD-swab19/2008, also had an inter-
mediate sequence with the alanine deletion at position 253 and a
single amino acid insertion of glycine near the polybasic cleavage site
(both shared with NCVD group B viruses) resulting in the polybasic
cleavage site sequence of PQIEGGRRRKR⁎G. Each of the 15 HA gene
sequences contained the intact N-linked glycosylation motif at
positions 154–156 (NNT) consistent with glycosylation at this site.
Antigenicity of clade 7 viruses
Each of the ﬁve clade 7 viruses isolated during this study were
characterized antigenically by the hemagglutination inhibition assay
using ferret antisera generated against clades 1, 2.3.4 and 7 H5N1
viruses isolated in Vietnam. The results revealed high homologous
titers (≥160) for viruses used in antisera production but little to no
cross-reactivity among viruses from different clades (Table 3).
Neither antisera from A/Vietnam/1203/2004 (clade 1) nor A/
chicken/Vietnam/NCVD-035/2008 (clade 2.3.4) cross-reacted with
the clade 7 virus, A/chicken/Vietnam/NCVD-016/2008, used for
antisera production. Conversely, the clade 7 antisera did not react
with either the clade 1 or 2.3.4 viruses. While there was some
cross-reactivity between the other clade 7 isolates and the clade
2.3.4 antisera, the clade 1 antisera did not cross-react with any of
the clade 7 viruses. In addition, antisera to the A/chicken/Vietnam/
NCVD-016/2008 (clade 7) virus provided only limited cross-
reactivity to each of the other clade 7 viruses suggesting some,
albeit minimal, antigenic similarity among the clade 7 viruses
tested despite their genetic differences.Table 3
Antigenic characterization of clade 7 isolates.
Reference antigens Ferret reference antisera
Clade VN/1203/04 ck/VN/
NCVD-035/08
ck/VN/
NCVD-016/08
A/Vietnam/1203/2004 1 160 160 b10
A/chicken/Vietnam/
NCVD-035/2008
2.3.4 b10 640 b10
A/chicken/Vietnam/
NCVD-016/2008
7 b10 b10 320
Tested antigens
A/duck/Vietnam/
NCVD-98/2007
2.3.4 b10 160 b10
A/chicken/Vietnam/
NCVD-039/2008
2.3.4 b10 160 b10
A/duck/Vietnam/
NCVD-014/2008
2.3.4 b10 160 b10
A/muscovy duck/
Vietnam/NCVD-038/2008
2.3.4 b10 320 b10
A/muscovy duck/
Vietnam/NCVD-079/2008
2.3.4 b10 320 b10
A/chicken/Vietnam/
NCVD-084/2008
2.3.4 b10 160 b10
A/chicken/Vietnam/
NCVD-086/2008
2.3.4 b10 160 b10
A/chicken/Vietnam/
NCVD-109/2007
2.3.4 b10 320 b10
A/muscovy duck/Vietnam/
NCVD-034/2008
2.3.4 b10 320 b10
A/chicken/Vietnam/
NCVD-080/2008
2.3.4 b10 160 b10
A/chicken/Vietnam/
NCVD-083/2008
2.3.4 b10 320 b10
A/chicken/Vietnam/
NCVD-03/2008
7 b10 80 40
A/chicken/Vietnam/
NCVD-04/2008
7 b10 20 20
A/chicken/Vietnam/
NCVD-05/2008
7 b10 40 20
A/chicken/Vietnam/
NCVD-93/2008
7 b10 160 40Discussion
The ∼200-km border shared between Lang Son Province and the
Guangxi Province of China is in a largely mountainous and remote
region that includes one border crossing with full migratory and
customs authority services and at least 5 additional minimally served
border crossing sites. It is logistically difﬁcult for authorities to patrol
the border beyond these sites to prevent pedestrian and small vehicle
trafﬁc in both directions. Because of its proximity to Hanoi
(approximately 150 km southwest of the Lang Son/China border)
the Lang Son border with China serves as one of the primary trade
routes between the two countries (Hammett et al., 2005). The
detection of two distinct lineages of exotic HPAI H5N1 viruses in
poultry conﬁscated over a threemonth period in two separate ports of
entry into Vietnam suggests that these viruses may have been
prevalent in the region of origin at that time. Extensive regional
circulation of avian inﬂuenza virus populations in relative isolation
(i.e., without mixing) results in the evolution of distinct genetic
lineages (Ducatez et al., 2007; Salzberg et al., 2007; Smith et al., 2006).
The identiﬁcation of multiple clade 7 H5N1 viruses from at least two
distinct genetic subgroups (i.e., NCVD groups A and B) may suggest
that these viruses originated from two distinct regions or host
populations isolated from each other. Remarkably, the HA genes of
all viruses sequenced for this study make up a highly diverse genetic
group with a percentage nucleotide and amino acid divergence of
N4.0% and 5.8%, respectively. The high degree of genetic divergence
from previously identiﬁed clade 7 viruses also indicates that this
subgroup of viruses has likely been circulating undetected or
unreported for a considerable amount of time as poultry outbreaks
caused by clade 7 H5N1 viruses were last reported in Shanxi Province,
China in 2006 (FAO, 2008b).
Other clades of H5N1 have not shown the same degree of genetic
divergence at either the nucleotide or amino acid level as that
described in this study. In fact, WHO/FAO/OIE analyses of intra-clade
diversity typically demonstrate a percentage nucleotide divergence
of ≤1.5% among isolates in the same clade (WHO/OIE/FAO, 2008).
While clade 7 has been an exception to this rule because of the highly
divergent HA gene of A/chicken/Shanxi/2/2006 in comparison to
other viruses in this clade (e.g., A/Beijing/01/2003), the further
diversiﬁcation of this sublineagemay justify the assignment of speciﬁc
designations to multiple second order clade levels (as suggested by
Fig. 1), especially if additional viruses in these subgroups continue to
be isolated.
In addition to genetic differences, the clade 7 viruses isolated
during this study also demonstrated unique antigenic proﬁles relative
to other clades of H5N1 viruses currently known to circulate in
Vietnam, namely clades 1 and 2.3.4 (Nguyen et al., 2008; Wan et al.,
2008). The frequent occurrence of coding changes and the presence of
multiple full codon insertions and deletions in the HA genes of these
viruses are likely to account for their antigenic distance from related
viruses. Notably, antisera generated against clade 7 virus, A/chicken/
Vietnam/NCVD-016/2008, only weakly cross-reacted with the clade 7
isolates from NCVD groups A and B providing further support that
amino acid sequence divergence has led to evident changes in viral
antigenicity.
This report provides direct evidence that enforcement of import
restrictions and sanitary controls at international borders may
prevent the introduction of genetically diverse strains of HPAI
H5N1 virus into a country. While transnational movement of viruses
by migratory aquatic birds is difﬁcult to control, the transportation
of poultry across international borders is subject to greater control
by national and local authorities. Continued border control and
strengthened virologic surveillance to detect and prevent the spread
of exotic HPAI viruses from country to country should be
encouraged to protect agriculture and public health both nationally
and globally.
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Surveillance
The National Centre for Veterinary Diagnostics (NCVD), Hanoi,
Vietnam received 495 cloacal swab samples from chickens submitted
by the Lang Son Provincial Sub-Department of Animal Health (Sub-
DAH) and the Department of Animal Health-Regional Quarantine
Department (DAH-RQD), Lang Son Province, in both Loc Binh and Cao
Loc districts between January and May 2008. The samples were
obtained from chickens that were seized by local and national
authorities at border control checkpoints along the Lang Son Province
and Guangxi Province border because of poultry trade restrictions.
Cloacal swab specimens were placed in containers with 1.0 ml of virus
transport medium prior to submission to NCVD. Following RNA
extraction from 100 μl of the swab/transport medium supernatant,
samples were screened for inﬂuenza A matrix gene RNA by real-time
RT-PCR. Matrix positive samples were then tested for H5N1 virus
using an inﬂuenza subtype H5N1 speciﬁc real-time RT-PCR assay.
Virus isolation, RNA extraction, and genomic sequencing
Samples positive for H5N1 RNA were then selected for virus
isolation by inoculation of 10–11 day old embryonated chicken eggs
(ECEs). Twenty-four hours post-inoculation allantoic ﬂuid was
harvested from eggs and screened for the presence of virus by a
hemagglutination assay using chicken red blood cells. A total of 5
H5N1 viruses were isolated from material submitted to the CDC. The
remaining swab samples that were real-time RT-PCR positive but
isolation negative (n=10) were used for RNA extraction and
sequencing of the hemagglutinin (HA) gene. Extraction of RNA from
viral isolates and sequencing procedures were described previously
(Nguyen et al., 2005). Brieﬂy, viral RNA was extracted from virus-
infected allantoic ﬂuid or swab/transport medium supernatant using
the Qiagen RNeasy extraction kit (Qiagen), and a one-step RT-PCR kit
(Promega) was used to amplify the full length HA gene as two
overlapping fragments. The amplicons were sequenced on an
automated Applied Biosystems 3730 system using cycle sequencing
dye terminator chemistry (Applied Biosystems). Each gene sequenced
was submitted to GenBank prior to publication (see Table 1 for
accession numbers). Primer sequences are available upon request. All
infectious materials were handled in biosafety level 3 containment,
including enhancements required by the U.S. Department of Agricul-
ture and the Select Agents program (http://www.cdc.gov/od/ohs/
biosfty/bmbl5/bmbl5toc.htm).
Phylogenetic analysis
In addition to the 15 samples submitted by NCVD and sequenced
for this study, phylogenetic analyses also included HA gene sequences
from Eurasian lineage H5N1 viruses isolated in Vietnam and else-
where within 1996–2008 retrieved from public databases. Phyloge-
netic trees generated for this study were based on full or nearly full
length HA gene open reading frames (ORF). Phylogenetic inferences
relied on maximum parsimony (MP) and neighbor-joining (NJ)
methods using MEGA 4 (http://www.megasoftware.net/mega.
html) and PAUP⁎ Version 4 (http://paup.csit.fsu.edu/index.html).
Bootstrapping support for tree topologies was performed using NJ
methods implemented in PAUP⁎ with 1000 replicates. Trees were
rooted at the clade 0 node containing A/goose/Guangdong/1/1996
and A/Hong Kong/156/97. The nucleotide and amino acid divergence
among these and other clade 7 viruses, as well as several H5N1
prototype strains representing major H5N1 clades, were calculated by
pairwise comparisons of the full length HA gene open reading frame.
Sequence alignments used in these analyses are available upon
request.Hemagglutination inhibition (HI) assay
Antigenic characterization of HPAI H5N1 viruses isolated in
Vietnam was performed by the hemagglutination inhibition (HI)
assay using boosted ferret antisera to H5N1 subtype viruses belonging
to clades 1, 2.3.4 and 7 (Table 3). The HI assay was donewith a starting
serum dilution of 1:10 using turkey red blood cells as previously
described (Nguyen et al., 2005).
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